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SARCOIDOSIS. II. CHEMICAL AND FUNCTIONAL STUDIES
ROBERT H. GREKIN, M.D., AND ARTHUR C. CURTIS, M.D.
Although sarcoidosis can be at times as protean a disease as syphilis, there are
surprisingly few reports available of chemical or metabolic studies done in pa-
tients who have it. Harrell and Fisher (1) have reported blood chemical studies
in eleven patients with sarcoidosis and reviewed the serum protein findings in 21
others with this disease. Longcope (2) reported calcium and protein determina-
tions done on some of his patients with sarcoidosis. Stuart (3) reported meta-
bolic and chemical studies done in three cases, and Klinefelter and Saucy (4) in
one case. During the past 1 years we have had the opportunity to study a mod-
erately large group of patients with sarcoidosis. As our results differ in some
respects from those which have already been reported, we feel they warrant
presentation.
METHODS AND NORMAL VALUES
The serum calcium was determined by the Clark-Collip (5) modification of the
Kramer-Tisdall (6) method. Normal values in our laboratory range from 9.5
to 11.0 mgm. per cent. The inorganic phosphorus determinations were done
by the Fiske-Subbarow (7) method. Normal levels vary from 2.5 to 4.0 mgm.
per cent. The alkaline phosphatase was done by Bodansky's method (8, 9);
normal levels are from 1.5 to 4.0 Bodasnsky units. The non-protein-nitrogen
was determined by the Folin-Wu (10) method. Normal values range from 25
to 40 mgms. per cent. The blood urea nitrogen was done by Gentzkow's (11)
method. Normal values are from 8 to 15 mgm. per cent. Urea nitrogen in the
urine for the urea clearance test was determined by Barker's (12) method. The
total serum proteins were determined by the micro-Kjeldahl method (13), and
Kingsley's (14) method for separation of the albumin and globulin fractions was
used. Normal values for the total serum proteins are 6 to 8 grams per cent;
albumin, 3.5 to 5.0 grams per cent and globulin, 2.0 to 3.0 grams per cent. The
normal albumin/globulin ratio occurs between 1.5 and 2.5. The cholesterol
and total blood lipids were determined by Bloor's (15, 16, 17) methods. In our
laboratory, normal cholesterol levels range between 180 and 220 mgm. per cent,
and the total blood lipids between 500 and 800 mgms. per cent.
DISCUSSION
The results of our studies in twelve eases are reported. The diagnosis was
established by biopsy in nine of these. In the remaining three cases, the pul-
monary picture was typical of sarcoidosis and all attempts to isolate acid-fast
bacilli failed. One of these patients failed to respond to a test dose of x-ray,
and another reacted positively to the Kveim antigen (18) which we have recently
prepared. All three of these patients had negative tuberculin tests, and one had
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had uveitis typical of sarcoid. The disease had been present for from 25 years
to 3 months and was actively progressing in all cases. There were 7 females and
5 males studied. One male and one female was negro, and one female was
Chinese (we have not noted another case of sarcoidosis reported in the yellow
race). The areas of involvement may be found in Chart I.
CHART I. CHEMICAL VALUES FOUND IN PATIENTS WITII SARCOIDOSIS
Calcium
The serum calcium was determined in eleven cases and was definitely elevated
in seven of these, and at the upper limits of normal in two others. This was the
most constant finding of all the tests. Harrell and Fisher (1) found a hyper-
calcemia in 6 out of 11 patients. Klinefelter and Salley (4) found a hyper-
calcemia in their case, but Stuart (3) found a normal calcium in his three cases.
Longcope (2) found a high normal or elevated calcium level in 10 of 12 patients.
There was no correlation between the hypercalcemia and the duration or the
type of involvement of the disease. Of three patients with bone lesions, only one
had an elevated serum calcium level. There was also no correlation between the
hypercalcemia and the phosphorus, alkaline phosphatase or protein levels. Most
of the patients with a hypercalcemia had an elevated non-protein-nitrogen or
urea nitrogen level and a diminished urea clearance test. This relationship was
found by Klinefelter and Salley (4), but not by the other workers, and will be
discussed further under nitrogen levels.
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Phosphorus
The serum phosphorus was elevated in 5 of the 11 cases in which it was de-
termined. This finding is contrary to the reports of Harrell and Fisher (1) and
Stuart (3) who found consistently normal serum phosphorus levels. Klinefelter
and Salley's (4) patient also had an elevated serum phosphorus. The elevation
of the serum phosphorus in our cases was not related to the type of involvement
of the disease or to abnormalities in any of the other tests performed. Because
of the known relationship between calcium and phosphorus metabolism, one
would expect to find an elevated phosphorus in cases having a hypercalcemia,
but this was not the case. Of three patients with bone lesions, two had an ele-
vated serum phosphorus level. Much work has been done to show that epitheli-
oid cells occur as a foreign body response to phospholipids (19, 20, 21, 22). Since
the basic pathological element of sarcoidosis is the epithelioid cell, it is possible
that the phosphorus in many of these cases is tied up as phospholipids. Unfor-
tunately, we have not had phospholipid studies done on these patients, but have
arranged to do so in the future.
Alkaline phosphatase
The alkaline phosphatase in our cases was consistently normal in all instances
except one, in which it was markedly elevated. This patient had an obstructive
jaundice and a diffuse sarcoid involvement of the liver proven by laparotomy and
biopsies. Harrell and Fisher (1) found the alkaline phosphatase to be elevated
in each case in which it was determined. In 4 of these cases bilirubin levels
were done and also found to be elevated. Elevation of the alkaline phosphatase
in their cases had no relation to bone lesions. Stuart (3) found the alkaline
phosphatase elevated in all three of his cases. It is well known that the alkaline
phosphatase is elevated in both obstructive jaundice and parenchymatous disease
of the liver (23). The elevated bilirubin in Harrell and Fisher's cases suggests
liver disease.
Nitrogen and the urea clearance test
The non-protein-nitrogen or blood urea nitrogen were elevated in 6 of 10 pa-
tients in which these tests were determined. The urea clearance test was mark-
edly diminished in some of these. As was mentioned previously, there seemed
to be some correlation between the elevated nitrogen levels and hyperealcemia.
Harrell and Fisher (1) and Stuart (3) found consistently normal nitrogen levels
in their cases. However, Klinefelter and Salley (4) found an azotemia and a
decreased urea clearance test in their case and reviewed three more cases in
which an azotemia was found (24, 25, 26). These patients also showed a low
specific gravity of the urine, albuminuria and casts. One of these patients (24)
died with pulmonary tuberculosis. Autopsy revealed miliary caseating tubercles
in the kidneys so this case should probably be considered tuberculosis. We
obtained an autopsy in our one patient who died, Case Y' 7. This patient had
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findings similar to those reported by Klinefelter and Saucy, but microscopic exami-
nation of the kidneys failed to reveal any evidence of sarcoid lesions. Although
lesions of sarcoidosis have been found in the kidneys at autopsy (2, 27, 28, 29) none
of the patients had had any symptoms or signs of renal involvement. It is our
belief that our patients have a prerenal azotemia, although we are at a loss to explain
it. Because the kidneys of our autopsied patient were normal, we cannot agree
with Longcope's remark (2) that the symptoms, especially in these cases, are caused
by mechanical interference with the function of the organs. Fishberg (30)
has found that patients with prerenal azotemia will have poor concentrating
ability and will show very low values in the urea clearance test.
Cholesterol and total blood fats
The blood cholesterol was determined in 6 cases. It was elevated in two cases
both of which demonstrated liver disease, one with obstructive jaundice. The
cholesterol was mildly decreased in two cases as were the total blood fats. Har-
rell and Fisher's (1) cases with low cholesterol levels had liver involvement.
Obstruction of the bile ducts usually produces hypercholesteremia, whereas
primary liver disease usually leads to a diminished concentration of cholesterol
in the blood (31). We were unable to demonstrate liver involvement in our
cases with low cholesterol levels. The phospholipids may be elevated even
though the total lipids are normal. Thus the finding of low or normal total
blood fats does not rule out the possibility that phosphorus is linked to the fat
in excess in the cases having a hypercalcemia.
Proteins
Only three of our cases had elevated total protein levels. Four others were
near the upper limits of normal. The globulin was elevated in five cases and near
the upper limits of normal in four others. The A/G ratio was reversed in one
case and decreased in four others. Although Harrell and Fisher (1) found a
more constant increase in total proteins and reversal of the A/G ratio, we feel
that it is the globulin level to which most of the significance must be attached.
In 18 cases, Longcope (2) found the globulin elevated or near the upper limits
of normal in 17, and an elevated total protein in only five.
The changes found in the serum calcium and phosphorus levels and in the blood
nitrogen and globulin levels are of statistical significance, and when such changes
are found together, they will be of aid in the diagnosis of sarcoidosis. TJnfor-
tunately, it was not feasible to run these tests on a random group of patients to
obtain an accurate statistical comparison.
When more patients have been studied from a metabolic viewpoint, and other
tests done, such as phospholipids and gamma globulins, some light may be shed
on the pathogenesis of sarcoidosis.
CONCLUSIONS
Chemical studies in 12 cases of sarcoidosis are presented. Significant changes
were found in the serum calcium and phosphorus, the blood nitrogen and serum
globulin levels.
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Similarities and dissimilarities between our findings and those reported in the
literature were discussed.
The changes found certainly warrant further investigation. In such meta-
bolic abnormalities may lie the secret of the pathogenesis of sarcoidosis.
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